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HIGH VOLTAGE ELECTRONIC TUBE WITH
INTERMEDIATE ELECTRODE

This invention relates to a high voltage electronic
tube such as an X-ray tube of a concentric and mainly
cylindrical construction and with an electrode arrange-
ment comprising an outer electrode formed by a cylin-
drical metal jacket forming part of an outer wall of a
vacuumtight housing and an inner electrode supported
substantially centrally with respect to said outer elec-
trode by an electrode support passing through a central

opening in an annular insulating disc connected vacu-
umtight to an inner face of said jacket.

BACKGROUND OF THE INVENTION

An X-ray tube of this type is disclosed e.g. in German
patent No. 2,448,497, For the supply of high voltage to
the electrode arrangement of such a tube it is known
e.g. from U.S. Pat. No. 4,789,997 to use a circuit ar-
rangement comprising an alternating current source and
a muiti stage voltage multiplier e.g. of the Cockroft-
Walton type.

For such high voltage tubes it is a general aim to
improve the high voltage stability, reduce the structural
volume and weight of the tube, in particular for mobile
X-ray equipment and to operate the tube at increased
high voltage levels.

The latter aim being as a matter of principle in con-
flict with the need to avoid excessive fields strengths,
particularly in the region of the electrode. support,
which may result in high voltage breakdown, it has
been suggested to reduce this risk by incorporating an
intermediate electrode formed by a metal sleeve ar-
ranged concentrically with respect to said outer and
inner electrodes and dividing said annular insulating
disc mnto two separate annular disc parts.

OBJECT OF THE INVENTION

It 1s the object of the invention to provide a high
voltage electronic tube of the above mentioned kind,
particularly for use in mobile X-ray equipment in which
an improved high voltage stability is obtained with a
simple and relatively inexpensive design of the high
voltage supply circuit.

SUMMARY OF THE INVENTION

According to the invention a high voltage electronic
tube 1s provided,having an electrode arrangement com-
prising an outer electrode formed by a cylindrical metal
jacket forming part of an outer wall of a vacuumtight
housing, an inner electrode supported substantially cen-
trally with respect to said outer electrode by an elec-
trode support passing through a central opening in an
annular insulating disc connected vacuumtight to an
mner face of said jacket and at least one intermediate
electrode formed by a metal sleeve arranged concentri-
cally with respect to said outer and inner electrodes and
dividing said annular insulating disc into at least two
separate annular disc parts, a high voltage circuit ar-
rangement comprising an alternating current source and
a multi stage voltage multiplier being connected to said
outer and inner electrodes to apply an electric ground
potential to said outer electrode and a high electric
potential of a significant magnitude to said inner elec-
trode, said intermediate electrode being connected to an
intermediate stage of said voltage multiplier for apply-
ing to said intermediate electrode an electrical potential

3

10

15

20

25

30

45

50

33

63

2

of a magnitude between said ground potential and said
high potential.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s an axial sectional view of a first embodiment
of a high voltage electronic tube with an associated high
voltage supply circuit according to the invention;

FIGS. 2 1s a similar view of an alternative embodi-
ment of a high voltage electronic tube according to the
invention with a modified high voltage supply circuit:
and

FI1G. 3 is a similar view of a preferred embodiment
designed as a modification of the embodiment in FIG. 2.

DETAILED DESCRIPTION

F1G. 1 shows an X-ray tube of an essentially rotation-
ally symmetrical construction having a vacuumized
housing 1 with an outer wall including a part 2 formed
by an essentially cyhndrical metal jacket and joining a
dome-shaped end part 3 at the top of which the anode
assembly of the tube with the anode 4 and the X-ray
window 8 1s arranged.

At cathode side of the tube an annular 1nsulating disc
6 which may be of ceramic material closes the housing
1 by being connected vacuumtight to the inner face of
the metal jacket part 2 at the edge region thereof.

The msulating disc 6 has a central opening 7 in which
an electrode support 8 of tubular configuration is ar-
ranged 1n vacuumtight connection with the insulating
disc, e.g. by soldering, said electrode support accommo-
dating in the embodiment shown the cathode filament 9
of the tube with associated conductors 10, 11, one of
which 1s connected to electrode support 8.

Thus, 1n this embodiment the electrode arrangement
at the cathode side 1s of a cylindrical configuration
comprising filament 9 as an inner electrode and the
metal jacket 2 which is conventionally grounded as an
outer electrode.

In order to improve the high-voltage stability and
homogenize and reduce the field strength in the region
of connection between the electrode support 8 and the
insulating disc 6 a mainly cylindrical metal sleeve 12 is
inserted in the insulating disc 6 which is thereby divided
into two separate annular disc parts 6z and 65 which are
vacuumtight connected with the metal sleeve 12, e.g. by
soldering.

The metal sleeve 12 thus forms an intermediate cylin-
drical electrode between the inner electrode 9 and the
outer electrode 2. Within the vacuumized interior of the
tube 1 the metal sleeve 12 ends in a flaring funnel shaped
end portion 13 which forms a shield and affects the
electrical field.

Optionally, a further shield acting against secondary.
electrons i1s formed by a flat flaring funnel shaped sleeve
14 connected with the metal jacket 2.

In stead of accommodating the cathode assembly of
the tube the electrode support 8 may alternatively ac-
commodate the anode assembly in which case the cath-
ode assembly mcluding filament 9 will be arranged at
the tip of the dome-shaped part 3 of housing 1.

The cylindrical electrode arrangement 8, 12, 2 forms
a dual cylindrical capacitor assembly and is connected
to a high voltage supply circuit arrangement compris-
iIng an alternating current source 15 feeding a muliti
stage voltage multiplier which is preferably of the
Cockroft-Walton type comprising two columns of ca-
pacitors 16, 17 connected to AC source 15, one of
which is grounded, and interconnecting diodes 18.
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By means of this circuit arrangement a negative po-
tential of a significant magnitude, e.g. —100 to —450
kV, 1s applied to the inner electrode formed by elec-
trode support 8 and filament 9.

According to the invention a negative potential of a
magnitude between the ground potential applied to the
outer electrode formed by metal jacket 2 and the signifi-
cant negative potential applied to the inner electrode
formed by electrode support 8 and filament 9 is applied
to the intermediate electrode formed by metal sleeve 12
by connecting the latter to an intermediate stage of the
voltage multiplier.

For obtaining the optimum effect of the addition of
the intermediate electrode formed by metal sleeve 12
the maximum field strength in the electrode arrange-
ment should be as low as possible. With the cylindrical
capacitor geometry used for the electrode arrangement
the electrical field is inversely proportional to the dis-
tance from the geometrical axis and is thus at its maxi-
mum at the surface of the electrode having the smallest
radius, 1.e. the inner electrode. For a two electrode
system it 1S known that in theory the minimum value of
the maximum field strength E,,.x is obtained if the ra-
dius of the inner electrode is equal to that of the outer
electrode divided by e, the basis for the natural loga-
rithm.

The effect of the invention is that a further reduction
of the maximum field strength can be achieved by intro-
ducing one or more additional cylindrical electrodes
between the inner and outer electrodes, and it can be
shown that the minimum value of E,,4 will be obtained
if the field strength is the same at the surfaces of the
inner and intermediate electrodes.

For the simple design of a dual cylindrical capacitor
geometry, 1.e. with one intermediate electrode between
the mner and outer electrodes as shown in FIG. 1 and
for given values of the high voltage U, applied between
the inner and outer electrodes, the radius r; of the inner
electrode, the radius r,, of the intermediate electrode
and the radius r, of the outer electrode the maximum
field strength E,,;,x can be determined by

Emax= U/ (rin(rm/r) + rpdn(ro/rm)) (1)
and the minimum value of E,;;x will be obtained for a

value of the radius r, of the intermediate electrode
determined by

rifrm~+ n(rifrm)=in(rie/ry) (2)
For a specific design of the electrode arrangement with

r;=20.5 mm and

I'ﬂ-_- 73.5 mimn

formula (2) gives the following radius for the intermedi-
ate electrode

rm=43.4 mm

and with a total magnitude of the high voltage of —300
kV formula (1) gives for the minimum value of the
maximum field strength

Emax= 7.85 k V/mm

which can be shown to be a reduction of 31.5% relative
to the minimum value of the maximum field strength
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obtained by the same configuration of inner and outer
electrodes, but without the intermediate electrode.

The potential to be applied to the intermediate elec-
trode from the intermediate stage of the multi stage
voltage multiplier can then be determined by calcula-
tion of the voltage between the inner and intermediate
electrodes for the high voltage of —300 kV to be

Uim=120.7 RV

In the embodiment in FIG. 1 a damping resistor 19 1s
connected between the intermediate electrode formed
by sleeve 12 and the intermediate multiplier stage from
which the voltage is supplied to the intermediate elec-
trode. Moreover, as is known from the above-men-
tioned U.S. Pat. No. 4,789,997 the disclosure of which 1s
incorporated herein by reference the alternating current
source 15 may be frequency variable and the high volt-
age may be supplied to filament 9 via a transformer 20
and a filament circuit 21 including a frequency depen-
dant impedance 22 to supply a small amplitude voltage
to filament 9 obtained from a ripple voltage across a
component part of the Cockroft-Walton multiplier 16
having an average potential not differing substantially
from the high voltage supplied to filament 9. Thereby
the entire filament circuit will be approximately on the
high cathode potential and the otherwise severe de-
mand for insulation which often requires an excessively
voluminous and heavy design may be reduced.

In the alternative embodiment shown in FIG. 2 com-
ponent parts of the X-ray tube corresponding to the
component parts shown in FIG. 1 are designated by the
same reference numerals.

In this alternative embodiment, however, the high
voltage supply circuit is modified to comprise two mir-
ror symmetrical arrangements each including an alter-
nating current source 23, 24 and a multi stage voltage
multiplier 25, 26 of the Cockroft-Walton type, whereby
the multipliers 25 and 26 share a common grounded
capacitor column 27. The two symmetrical arrange-
ments must be operated 1n counter phase. By this modi-
fication a doubling of the current rating may be ob-
tained. |

In all other aspects the design of the X-ray tube in
FIG. 2 and the high voltage supply to the intermediate
electrode 1s the same as in the embodiment in FIG. 1.

FIG. 3 shows a preferred embodiment corresponding
in general to the embodiment in FIG. 2, but with the
advantageous difference that doubling of the current
rating 1s obtained without any additional consumption
of components compared to the embodiment in FIG. 1
by leaving out the capacitors in the common grounded
column in the embodiment in FIG. 2. Due to the sym-
metry this will have no effect on the performance of the
circuit.

I claim: \

1. A high voltage electronic tube having an electrode
arrangement comprising an outer electrode formed by a
cylindrical metal jacket forming part of an outer wall of
a vacuumtight housing, an inner electrode supported
substantially centrally with respect to said outer elec-
trode by an electrode support passing through a central
opening in an annular insulating disc connected vacu-
umtight to an mner face of said jacket and at least one
intermediate electrode formed by a metal sleeve ar-
ranged concentrically with respect to said outer and
inner electrodes and dividing said annular insulating
disc into at least two separate annular disc parts, a high
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voltage circuit arrangement comprising an alternating
current source and a multi stage voltage multiplier
bemg connected to said outer and inner electrodes to
apply an electric ground potential to said outer elec-
trode and a high electric potential of a significant mag-
nitude to said inner electrode, said intermediate elec-
trode being connected to an intermediate stage of said
voltage multiplier for applying to said intermediate
electrode an electrical potential of a magnitude between
said ground potential and said high potential.

2. A high voltage electronic tube as claimed in claim
1, wherein said multi stage voitage multiplier is of the
Cockroft-Walton type.

3. A high voltage electronic tube as claimed in claim
2 wherein the intermediate electrode is connected to
said intermediate multiplier stage at a junction in a
grounded capative column of said voltage multiplier.

4. A high voltage electronic tube as claimed in claim
1, wherein said electrode arrangement constitutes the
cathode assembly of said tube with said inner electrode
serving as filament, the high potential applied to said

inner electrode being in the range from — 100 to —450
kV.
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5. A high voltage electronic tube as claimed in claim
2, wherein said circuit arrangement comprises two mir-
ror-symmetrical arrangements each including an alter-
nating current source and a set of multiplier stages hav-
Ing a common grounded column, said symmetrical ar-
rangements being operated in counter phase.

6. A high voltage electronic tube as claimed 1n claim
4, wherein no capacitors are incorporated in said com-
mon grounded column. |

7. A high voltage electronic tube as claimed in claim
3, wherein a damping resistor is connected between said
intermediate electrode and the junction at said interme-
diate multiplier stage.

8. A high voltage electronic tube as claimed in claim
1, wherein the alternating current source in said circuit
arrangement 1s frequency variable and said circuit ar-
rangement further comprises a filament circuit includ-
Ing a frequency dependant impedance to supply a small
amplitude voltage to said inner electrode obtained from
a ripple voltage across a component part of said voltage
multiplier with an average potential not differing sub-
stantially from said high potential applied to the inner

electrode.
- X = ® 2
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